Taro (Colocasiae esculenta) is an important tuber crop of Kakamega -Kenya. It is nutritionally very rich. Taro leaf blight (TLB) is the most devastating pathogen for its production worldwide and current management strategies are not effective in its control. Studies on TLB disease severity has been done worldwide. However, determining and comparing the disease severity between regions of the world has not been adequately done. Before this study, TLB disease severity on Pacific and Kenyan taro grown in-vivo in Kakamega -Kenya was unknown. Furthermore, knowledge on the differential effect of weather on taro accessions obtained from different regions of the world was scanty. TLB disease severity was assessed on Pacific-Caribbean taro accessions obtained through tissue culture from Pacific-Caribbean. Kenyan taro was obtained from various counties in Kenya. The research aimed at examining and comparing TLB disease severity on Pacific and Kenyan taro. The study was conducted at MMUST University of Science and Technology farm and Maseno university laboratory and greenhouse. All experiments were arranged in a CRD and replicated five times. Data obtained were subjected to ANOVA and the means separated with Least Significant Difference. The results showed that mean disease severity among the Pacific and Kenyan taro varied from 33.2% -53.5% respectively. TLB disease severity in both in-vivo and in-vitro studies presented higher percentage on Kenyan than Pacific-Caribbean taro. The invivo severity range for Kenyan and Pacific taro were; 9.8-28.5% and 4.9-14.8% respectively. Likewise, Kenyan taro maintained higher percentage severity in-vitro, ranging from 20-44% whereas Pacific taro ranged from 9.4-30%. Kenyan Siaya accession KNY/SYA/51 recorded the highest disease severity in-vivo. The lowest disease severity in-vivo was obtained from the Pacific taro CE/IND/06. The study suggested that region of origin of taro, varietal difference and weather would influence TLB severity. This study indicated the need for breeding for resistance to taro leaf blight.
Introduction
Taro is an increasingly important crop used as a vegetable, staple food and medicinal applications. It is a high-value crop and has immediate economic benefits for producers [1] . Additionally, it is an important source of essential nutrients providing long term nutritional benefits for consumers. The attack of P. colocasiae on the leaves reduces significantly the number of functional leaves which leads to yield reduction [2] . Globally, P. colocasiae causes corms to rot both in the field and in the storage and this has led to heavy storage losses [3] . The phenomenon of disease severity, in regard to taro leaf blight disease of taro have not been completely understood in Kenya and the comparision with the PacificCaribbean taro was unknown.
According to Miyasaka et al., [4] , taro cultivars differed significantly in severity of TLB and in severity of corm rots. It has been revealed that while some plants become severely diseased with continuous night time sporulation, others immediately adjacent may have little or no disease [5] . Chiejina and Ugwuja [6] reported that disease severity appeared to increase with increase in disease incidence across different locations. Environment has been recognized as one of the major factors that influence the process of an epidemic, having the capacity to induce or retard it [7] . The epidemiological parameters such as rainfall, temperature and relative humidity and their contribution to taro leaf blight disease severity has scantily been researched. Rainfall, humidity and temperature are the key factors controlling the taro leaf blight disease cycle and epidemiology. Favorable temperatures and regular periods of leaf wetness, particularly in the humid tropics promote TLB epidemics by favouring pathogen dispersal, infection, and disease development [8] .
Outbreaks of the disease in new areas distant from known centers of infection probably result from the introduction of infected planting material.
The study of relationship between disease progressions with weather parameters is of paramount importance for effective disease management [9] . Fullerton and Tyson [10] revealed that apart from other environmental factors, moisture, sunshine and wind also influence fungal disease severity and epidemics generally flourish when night temperatures are in the range of 17-20 °C. The cool temperatures stimulate the release of infective zoospores, promoting multiple infections [9] .
Taro leaves have waxy hydrophobic leaf cuticles, which assist the wash-off of sporangia and zoospores from the leaves into the soil, or their splash onto other leaves and petioles, particularly the lower older ones. However, in the absence of regular rainfall, conditions favourable to re-infection occur on most nights ensuring regular cycling and survival on infected plants thus making it endemic [8] .
According to [9] , TLB pathogen grows rapidly in areas with high humidity and heavy rainfall. Fullerton and Tyson [10] reported that moisture levels were positively correlated with the development of number and size of leaf blight of maize lesions in both susceptible and resistant varieties of maize. Similarly, Ayogu et al., [11] and Cabi [12] noted a prevalence of Northern leaf blight in highlands and wetter areas of the Kenya and Uganda. Temperature has been reported to govern the rate of reproduction of fungi and the physiological conditions of the host. Temperature highly affects the growth and aggressiveness of pathogens and expression of disease symptoms in the plants [13] .
It is well known that temperature influences pathogen development as well as expression of host resistance. The effect of temperature on aggressiveness component had been established for many pathogen species and presents an optimum for spore germination, lesion development and sporulation. However, the response to temperature differed among individual plants. Spore production rate of two leaf rust isolates (P. triticina) were found to be identical at 2-18 °C but different at 10-30 °C [14] . Growth was found to be faster between 27-30 °C [15] .
Other factors involved in plant disease spread include; susceptible host, virulent pathogen, frequency of each element over time and duration and frequency of favourable environment. The host factors that affect epidemic development include; levels of genetic resistance or susceptibility of the host. The pathogen factor that affect epidemic include; levels of virulence, quantity of inoculum near host, type of reproduction of the pathogen, ecology of the pathogen and mode of spread of the pathogen. According to Benzohra et al., [16] the process of epidemic is influenced by environment [17] . Research has shown that absence of certain important nutrients such as calcium and phosphorus increase taro leaf blight disease infection. This needs to be investigated further [18] . Human activity also plays a role in TLB disease epidemics and they include; site selection and preparation, selection of propagative materials, cultural practices, disease control measures and introduction of new pathogens.
Before this study, severity of taro leaf blight (Phytophthora colocasiae) disease on in-vivo and in-vitro Pacific-Caribbean and Kenyan taro (Colocasiae esculenta) grown in Kakamega county of Kenya was unknown, therefore experiments were conducted to determine this unknown. Two field studies mainly; (1) to determine Taro leaf blight disease severity on Pacific-Caribbean, (2) to determine disease severity for the Kenyan and sampled Pacific accessions and (3) a greenhouse study was initiated.
Material and methods

Study area
The studies were established at two locations: Masinde Muliro University of Science and Technology in Kakamega county and Maseno University in Kisumu county. Kakamega town is located within the upper highland agro-ecological zone. Its climate is classified as tropical with a great deal of rainfall even in the driest month. It belongs to group Af (Tropical rainforest) by Koppen-Geiger system of climatic classification [19] . The average temperature is 20.4 C. The variation in temperature throughout the year is 2.0 C. The lowest average temperature usually occurs in July when it is approximately 19.3 C. The annual rainfall is approximately 1971 mm. The difference in precipitation between the driest and the wettest months is 212 mm (Kakamega -data.org).
MMUST University lies between longitudes of 34 0 32′0″E -34 0 57′0″W and latitudes of 0 0 07′30″N -0 0 10′15″S of the equator at an altitude of about 2000 m above sea level [19] . The trials were conducted from January 2013 to November 2013, and September 2013 to April 2014 at MMUST university garden and Kakamega Mlimani estate garden, respectively in the two respective cropping seasons. Maseno University lies within Latitude: 0° 00' 60.00" N and Longitude: 34° 35' 59.99" E and 1503 metres above sea level. The fields used for taro cultivation were non-flooded and rainfall provided all the water for plant growth. Harvesting occurred ten months after planting for the first experiment, and for the second and third it was after seven months. A completely randomized design was used in the two fields.
For the laboratory and greenhouse experiments, a total of four Phytophthora colocasiae isolates were obtained from University of Eldoret laboratory as earlier prepared through the process described by Whehan [20] . The isolates had earlier been collected from blight infected taro primarily from Kitale taro growing regions; Mois bridge, Maili saba, Bikeke and Kiminini in the year 2014.
Determination of taro leaf blight disease severity on Pacific-Caribbean in study-1
The field study -1 was conducted on Pacific-Caribbean taro accessions. Three hundred Pacific-Caribbean taro plant tissue culture materials earlier imported from the Pacific community (Hawaii, Papua New Guinea, Samoa, Japan, Indonesia, Malaysia and Thailand) through the Secretariat of the Pacific Community (SPC) based in Suva, Fiji Islands in conformity to KEPHIS (Kenya Plant Health Inspectotate Service) requirements were used since they already had improved TLB resistance. Land not previously cultivated was used. The experimental area measuring 3500 m 2 (70m by 50m) was cleared using a machete, hand ploughed and harrowed twice using jembes and hoes before planting. Soil was made into raised beds in preparation for planting. Three hundred taro suckers were planted in 60 cm deep holes and each sucker firmly placed using hands according to the methods of [20] . The spacing was 0.5 m between plants and 1.0 m between rows. Watering was done in the morning and evening for one month approximately one liter per plant using a sprinkler. The plants were arranged in a completely randomized design (CRD). The 25 accessions with 12 plants per accession were replicated for 8 months.
Culture multiplication of imported taro accessions
Determination of disease severity for the Kenyan and sampled Pacific accessions in study-2
The same procedure as in field study-1 above was repeated for field study-2 where both the Pacific -Caribbean and Kenyan taro accessions were used. Local taro accessions were collected from farmer's plots in seven regions in Kenya; Central Kenya in Kayole, Kisumu Dunga beach along Lake Victoria, Siaya along Dominion farm, Kakamega-Milimani, Mumias near sugar company, Kitale-Mailsaba, Busia, Bumala area, Eldoret, Langas area. Some Pacific-Caribbean taro accessions from the first experiment were also sampled, considering the least and the most susceptible accessions. A total of twenty-six taro plant materials were obtained. 
Determination of disease severity for the Kenyan and sampled Pacific-Caribbean accessions under greenhouse conditions in study -3
The greenhouse experiment was performed in the laboratory and greenhouse respectively. General laboratory techniques were followed for preparation of media, sterilization, isolation and maintenance of fungal cultures with slight modifications where it seemed necessary. Petri dishes were placed in sterilization tins and sterilized in hot air oven at 160 C for 90 minutes. Potato Dextrose Agar (PDA) media and water used in the study were sterilized at a temperature of 121.6 C for 20 minutes in an autoclave as described by Asraku [21] .
Sterilization and plating of medium
Work surfaces were sterilized by ethyl alcohol and sodium hypochlorite. Scalpel blades and inoculation loops were sterilized over flame. Plating of medium was done by melting the sterilized medium and distributing in 9 cm diameter petri plates. This was done aseptically at the rate of 20 ml per plate in the laminar flow-hood chamber and allowed to solidify. The cultures were incubated for 4 days maintaining them at room temperature in dark place in the laboratory according to the methods of Wambua [22] . They were then sub-cultured onto water agar till pure cultures were obtained. The remaining isolates were then stored at room temperature in 2 ml tubes containing 3-4 plugs of mycelium, 3-and 1-ml water. The isolates were left for 14 days.
Pathogenic nature of isolates
The pathogenic nature of the isolates was determined by proving Koch's postulates through pathogenicity test according to the methods of Singh et al., [23] where disease free taro leaves were placed on sterilized filter paper soaked with distilled water and placed in petri dishes. The plates were inoculated with 2 ml of sporangial suspension containing Phytophthora colocasiae which had earlier been sub-cultured in Maseno laboratory. The leaves were then covered with plastic bags and left for two days at room temperature. After two days, the inoculated sites showed water soaking lesions at the beginning but later turned brown according to the observations of Brooks [24] .
Soil sterilization
Black soil from Maseno Botanical garden was sifted to remove stones, plastic materials and plant debris. The soil was steam sterilized in a barrel at 100 C for two hours. The sterilized soil was left in the barrel overnight to cool before use according to the methods of Whehan [20] . The taro plants from the previous experiment two of Pacific-Caribbean and Kenyan taro were sampled considering the least and the most susceptible accessions as obtained from the previous result. 
Plucking and packaging of corm and cormels
The corm and cormels were carefully plucked from soil and packed in polythene bags then labeled according to place of origin. They were placed in a cool dry place for greenhouse evaluation. Plastic buckets were filled with the sterilized top soil and the samples placed at 1 m x 1 m using a complete randomized design with three replications. The crops were watered in the morning every two days using clean water and administered at the base of the crop. The tubers were covered with the soil and firmed down according to the methods of Shreshta [26] .
Inoculation of pathogen
Two Phytophthora colocasiae pathogen treatments namely 21R1 and 3R1 isolates previously obtained from University of Eldoret laboratory were used for greenhouse inoculation. Distilled water was used on the leaves as control. The inoculation was done by using two most virulent isolates of Phytophthora colocasiae (showing very fast growth) in the culture medium. Mycelia mat from the culture were harvested using sterile scalpel into an electric blender. After blending for five minutes, 200 ml of sterile distilled water was added into 500 ml conical flask and filtered using double layer muslin cloth.
Soil inoculation
Soil inoculation was done by pouring 20ml of inoculums suspension at the base of the stem of each plant according to the methods of Shreshta [26] . This was done three months after planting. Control seedlings were treated with the same quantity of sterile distilled water. Both the inoculated and the control seedlings were covered with polythene bags to increase humidity around the plants according to the methods of Shreshta [26] . After 24 hours, polythene bags were removed for 20 minutes and the plants watered. Four days after inoculation, the polythene bags were finally removed. The plants were arranged in a completely randomized design. There were 16 accession with 3 plants per accession per treatment. There were two pathogen inoculation treatments and one control. The greenhouse experiment result was collected for 5 months. Similar procedure as described in the previous experiment for obtaining disease incidence was used.
Scoring for TLB disease severity
Collection of meteorological data from Kakamega weather station was performed on a monthly basis. Relative humidity recorded in the morning and afternoon, minimum, average and maximum monthly temperature, and average rainfall prevailing at the observation sites were collected from Kakamega meteorological station for the interpretation of results. The weather changes were scored against the different accessions of taro used. Taro leaf blight disease symptoms were carefully observed to confirm the disease. Total area of leaves, total area of leaves infected and the disease severity were recorded at monthly intervals from the appearance of the first symptom (at 3 months) till the crop was harvested.
Areas of leaves were measured by using non-destructive methods [27] [28] using the formula WP x LPA where; WP=Leaf width passing the petiole attaching point, LPA=Length of the petiole attaching point to the apex of leaf Areas of leaves infected by the disease were assessed using the maximum length and breadth of the affected leaf area. Disease severity ratings per accession per experiment were undertaken using a subjective score scale of 1-9 adopted from Manza et al., [29] . However, records in this study were made as the percentage leaf area infected. The score was repeated monthly for eight months in the first experiment, five months for the second experiment and five months for the greenhouse experiment. The start of scoring took consideration the beginning of disease development i.e. first appearance of TLB symptoms on taro leaves.
Analysis
The results obtained on the different taro accessions were analyzed using analysis of variance (ANOVA) and the least significant difference (LSD) used to separate the means at 5%. Correlation analysis was used to compare mean differences as described by Chan et al., [30] 3. Results 3.1. Taro leaf blight disease severity of Pacific-Caribbean taro for study-1 The low severity could be due to accession's low susceptibility to TLB disease. Simongo et al., [31] in his study, linked low disease severity of a cultivar to the cultivar being less prone to diseases. The low TLB disease severity was linked to clean planting materials and good agricultural practices [20] . It could also be as a result of external factors like temperature, rainfall and relative humidity being unfavorable to the pathogen. This fact was supported by the report of Lin et al., Adomako [28] that weather conditions such as high rainfall, temperature and humidity influence infection rates in all plants, including those with a degree of genetic resistance.
Taro leaf blight disease severity of Pacific-Caribbean taro for study-2
The results on TLB disease severity on Pacific-Caribbean taro under field experiment two were as shown on BL/SM/111 showed progressive increase in disease severity then reduced finally in April. April recorded the highest disease severity of 33.2%. This could be due to high rainfall amount which was more favorable for the fungus in April just as reported by [27] that rainfall increased taro leaf blight severity. The increase in disease severity could be due to increase in inoculums and increasing age of plant. This finding corroborates that of Simongo et al., [31] that severity of Colocasiae blight depended on the availability of inoculum, time of disease appearance and stage of growth of plant. Furthermore, the severity of blight disease increased with age of plant. However, a contrary finding reported a decrease in TLB lesion diameter with increasing plant age. This could be due to high resistance to taro leaf blight disease exhibited by some taro accessions [29] .
Taro leaf blight disease severity of Kenyan taro for study-2
The result of this study was as shown on table 3. Taro leaf blight disease severity started right from the third month although it was statistically insignificant. April recorded significantly (p<0.05) highest severity of 53.5% while significantly (p<0.05) lowest disease severity of 1.1% was recorded in January as shown on table 1.3. All the accessions increased in disease severity from January to April except Busia accession KNY/BSA/41 and Central Kenya accession KNY/CTR/33 that reduced between March and April as 58.3-46.7% and 49-47% respectively (Table 3) . This could imply that there were inherent properties to reduce disease severity in these accessions. The highest disease severity of 30.5% was recorded in Siaya Accession KNY/SYA/51 and the lowest severity of 15.85% in Eldoret accession KNY/ELD/75. The study indicated that disease severity levels for the accessions evaluated differed (p<0.05) significantly. Different taro accessions exhibit different levels of disease resistance. Location from which the accessions were obtained could also play a role in determining the level of disease susceptibility.
Comparison of taro leaf blight disease severity between Kenyan and Pacific -Caribbean taro (Dec 2013-April 2014).
The result comparing Kenyan and Pacific-Caribbean taro accessions in terms of disease severity under field conditions were as shown on figure 1 below. Percentage taro leaf blight disease severity on Kenyan and Pacific -Caribbean taro were similar during the first month of the experiment after which, the severity remained higher in Kenyan accessions than Pacific-Caribbean taro. This was a clear indication of higher susceptibility to taro leaf blight of the Kenyan taro accessions than the Pacific-Caribbean (Figure 1 ). The highest disease severity for both the Pacific -Caribbean and the Kenyan took place in April with error bars showing significantly higher infection in Kenyan taro (53.5%) than the Pacific-Caribbean ones (33.2%) during the month of April. December and January however, showed minimal disease severity with both Pacific-Caribbean and Kenyan taro (Figure 1 ).
The study showed that disease severity remained low at initial stage but increased progressively for both Kenya and Pacific-Caribbean. This present finding suggests that during the first stages of TLB infection, taro uses non-specific mechanisms to eliminate pathogens by increasing phenolic levels which protects cells from oxidation and accelerate recovery during inflammation. Harplapur, (2005) in his research on epidemiology and management of turcicium leaf blight of maize caused by Exserohilum turcicium reported a similar result that more susceptibility of wheat plants to Helminthosporium sativum mostly occurred at a later age after flowering. There was higher increase in disease severity in Kenyan taro than the Pacific-Caribbean (Figure 1) . The low severity value suggests that a number of PacificCaribbean accessions investigated were resistant to taro leaf blight. The result on taro leaf blight disease severity on Pacific-Caribbean greenhouse taro was as indicated on table 4 below. The Colocasiae blight disease severity steadily increased from third month to seventh month. Samoa accession BL/SM/92 increased in severity from September to December then decreased from December to January. This reflected a unique characteristic of the taro accession. The mean disease severity per month showed that September was significantly (p<0.05) the least in disease severity with a severity of 9.06% while January was significantly (p<0.05) the highest with a severity of 30.9% (Table 4) . Thailand accession CE/THA/24 scored significantly (p<0.05) the highest mean severity of 30% while the Hawaiian accession BL/HW/26 recorded significantly (p<0.05) the least disease severity of 9.4%.
The result revealed that different locations from which taro was obtained influenced TLB disease severity. Even the taro accessions from Pacific -Caribbean portrayed differences in disease severity. This could be attributed to genetic and environmental differences as described by [4] .
Taro leaf blight disease severity of Kenyan taro in the greenhouse (September 2015 -January 2016)
Results of greenhouse experiment on Kenyan taro are shown on Table 5 ). All the accessions showed a steady increase in disease severity from the third to seventh month ( Table 5 ). The study showed that as the plants increased in age, severity of TLB also increased [32, 33] . Severity was lowest at 13.75% during the month of September when the plants were three months old, it was however highest in the last month of study with a severity mean of 44% (Table 1 .5). The result showed increase in TLB disease severity with increase in age [31] that late growing periods of taro revealed higher TLB disease levels than early periods.
Comparison between taro leaf blight disease severity on Kenyan and Pacific-Caribbean in a greenhouse study
Comparison of disease severity by region was given on figure 2. Both categories of taro accessions showed steady increase in TLB disease severity from the third month to the seventh month. The error bars showed that Kenyan accessions were significantly higher in disease severity than the Pacific-Caribbean taro particularly in January. The highest disease severity for the Kenyan accession was 44% in January while the highest for Pacific -Caribbean was 30% also in January (Figure 2 ). The lowest disease severity for Kenya was 13.7% while the lowest severity for PacificCaribbean was 9.06%. This could be a proof that Pacific -Caribbean taro had earlier been screened for taro leaf blight disease and were more tolerant to TLB disease. This was consistent that improved Samoan accession BL/SM/132 from Pacific-Caribbean neither showed tissue collapse even after TLB pathogen inoculation nor symptom of taro leaf blight disease compared to other taro accessions which showed high severity rates [30] . Adomako et al., [27] attributed the differences in disease severity to genetic differences among taro plants. There was a differential degree of response against taro leaf blight disease among different taro accessions [18] .
The increase in disease development in Pacific-Caribbean taro was relatively low as compared to Kenyan. These results alluded to more physiological adaptation of Phytophthora colocasiae on Kenyan than Pacific-Caribbean improved accessions. In the TLB-Kenya pathosystem, there is evidence of physiological adaptation of P. Colocasiae. This finding was also in concurrence with the report of CABI [12] that the role of pathogen variability and adaptation cannot be precluded and may in fact account for the observations.
Conclusions and recommendations
Region of origin has been found to have effect on TLB disease severity. The two categories of taro accessions (Kenyan and Pacific-Caribbean) differed in their disease severity levels. Kenyan categories were generally more severely infected by taro leaf blight than the Pacific -Caribbean categories. More accessions from different parts of the continent should be investigated for TLB disease severity to enable more comparison and to arrive at the most resistant accession. The months of the year varied in disease severity. This has possibly been linked to the effect of varied weather conditions which have profound effect on the prevalence of the disease. When the temperatures are high and relative humidity is favorably high, disease severity increase. The experiment revealed that the disease spreads very fast particularly when conditions are favorable and can be very destructive. The study of severity of taro leaf blight in response to various weather conditions should be extended to other taro producing regions of Kenya. The period of study needs to be extended to capture more years with varied weather conditions.
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